The fanctionalisation of macrocyclic p-tertbutylcalix [4] 
Introduction
Hydroxamate siderophores are of biomedical importance because of their uses in chelation therapy, in particular for the removal of Fe(llI) and AI(III) from the body. Siderophores are produced by selected microorganisms when grown in culture media under iron-limiting conditions and act as sequestering agents for Fe(IID incorporation into the microorganismst. These sequestering agents have in general high stability constants for the complexation of Fe(III), due mainly to the presence of hydroxamic acid or catecholate functional groups. The chemical structure of the important chelation therapy drug, DFA, used in the treatment of iron overload, is given in Figure 1 . Volume 1, Nos. 2-3, 1994 Transition Metal Ion Complexation andExtraction by Hydroxamate Chelation therapy using AI(III) complexation is also important because of the association of A1 with a variety of neurological dysfunctions and bone disorders ,a. A related biomedical example is dialysis dementia, where accumulation of AI(II1) occurs during renal dialysis, an effect that can be avoided by the prior removal of this metal ion from the water supply through extractive complexation. As a result of these applications of chelation, there is now a renewed interest in designing new ligands for the complexation of these important metals with a view to obtaining more effective and selective chelation.
In particular, synthetic macrocyclie compounds with designed intramolecular cavities are providing greater sterie control over the optimisation of selectivity of 
Methods Membrane Preparation for Diffuse Reflectance Analysis
The membrane components (0.6 % m/m calixarene hydroxamic acid, 70.2 % DOPP, 29.2% PVC) were mixed and dissolved by stirring overnight in THF. The solution was poured into a glass mould and on slow evaporation of the THF, a clear flexible membrane was formed. The membrane was soaked in 10 mls 0.05 M Fe(III) solution or V(V) solution for 30 rains, removed, rinsed with water and air dried. Diffuse reflectance spectra were recorded for both membranes and for a membrane unexposed to the metal solutions.
Metal Ion Extraction by calix[4]arene hydroxamates on ODS
A set amount of LiChroprep RP-18 (25-40 #m) (i.e. 0.35g) was added to a plastic container (1.25 x 0.9 cm i.d.) fitted with a frit at its base and methanol was pumped through to wet the octadecylsilica. Thereafter, a suspension consisting of 0.094g calixarene hydroxamate in 10 ml methanol was slowly passed trough the octadecylsilica using a pressudsed glass syringe. Another frit was placed on top of this silica bed and pressure was applied to ensure that the bed was tightly packed. The cartridge was connected to the peristaltic pump and water was pumped through at a rate of 1 ml rain".
Metal solutions (5 ppm, 25 ml) were adjusted to the required pH and pumped at a rate of I ml rain " through separate cartridges eong ealixarene hydroxamates I and 2 (Fig. 2) . This was followed by 25 ml of water to wash off any remaining uneomplexed metal ions. Thereafter the metal was eluted with 25 ml of 0.01 M EDTA or acidified water (pH 2.0). Subsequent flame atomic absorption spectrometric or ion chromatographic analysis gave the % uptake of the various metal ions and % recovery of the eluted metals. studies being carried out at a fixed pH. By supporting the calixarenes on a solid phase srbent such as ctadecylsilica, and passing through aqueous metal ion slutions of varying pH, the full pH dependency of metal ion complexation and extraction is obtained. A typical metal uptake profile btained fr calixarene 2, the tetraproline hydmxamate is shown as a function of pH in Figure 5 . With the exception of Pb(II), the pH dependency of the metal uptake curves is similar t those obtained by liquid-liquid Cu(ll) . However the prior removal of protons from the four earboxylie acid groups by the addition of NaOH, resulted in the appearance of a broad absorption band between 500 and 750 nm on the addition of Cu01).
The spectra recorded following increasing addition of Cu(ll) up to a Cu:ealixarene ratio of 3.0 are shown in Figure 6 . The wavelength maximum of 628 nm at a ratio of 0.25 moves to 661 nm at a ratio of 1.0 and shifts to above 700 nm at ratios higher than 2.0. Mole ratio plots of the absorbance changes at 661 nm and 725 nm show a well defined change in slope at the 1.0 ratio value, indicating the formation of a 1" 1 complex with a maximum absorption at 661 nm. 
